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A Novel M. tuberculosis Gene Conferring Resistance to Isoniazid and 
Ethionamide. A. Banerjee*, E. Oubnau, A. Quemard and W. R. 
Jacobs, Jr. Howard Hughes Medical Institute, Albert Einstein College of 
Medicine, Bronx, N.Y. 


Isoniazid (INH) is one of the most widely used drug in tuberculosis 
therapy. We are employing a genetic approach to identify the targets of INH 
action and to elucidate the mechanisms of INH-resistance in mycobacteria. A 
set of independent mutations conferring differing levels of INH-resistance in 
M. smegmatis have been isolated. These mutations involved specific targets 
since these mutants and the wild-type strain were equally sensitive to 
ethambutol, kanamycin, streptomycin, and tetracycline. A genomic library was 
constructed from a mutant strain of M. smegmatis resistant to 50 pg/ml of INH 
and >80 pg/ml of Ethionamide (ETH, a structural analog of INH, a second line 
anti-tuberculosis drug) but sensitive to all other antibiotics tested. From this 
genomic library a 3 kb fragment was characterized that conferred resistance to 
INH (40 pg/ml) and ETH (>80 pg/ml) when cloned in INH-sensitive wild-type M. 
smegmatis. This 3 kb fragment also confers resistance to INH in BCG. The 
same gene has been cloned from wild type M. smegmatis, M. tuberculosis, M. 
bovis, M. bovis BCG and M. avium. Cosmids carrying all these genes confer 
resistance to INH as well. INH-resistance was always accompanied by 
resistance to ETH. The whole 3 kb fragment from M. smegmatis has been 
sequenced and a 269 amino acid containing ORF (inhA ORF) was found to be 
responsible for the INH-resistance phenotype. inhA ORF shows strong 
homology at the amino acid level with envM gene from Salmonella 
typhimurium and E. coli which is a gene involved in fatty acid biosynthesis. 
This ORF and also the ORF upstream of it show homology to other fatty acid 
biosynthetic enzymes. Cell free extracts synthesizing mycolic acids (a- 
branched p-hydroxy long chain fatty acid : a component of mycobacterial cell 
envelope) from M. smegmatis containing this gene in a plasmid has been 
shown to be resistant to INH. This is a genetic evidence in support of 
previously established biochemical reports that target of INH is an early step in 
mycolic acid biosynthesis and this gene is a good candidate to be the yet 
unknown target itself. The gene from M. tuberculosis is also sequenced, is 
identical to the M. bovis gene and shows very high conservation with the M. 
smegmatis gene. This inhA gene is well conserved in a wide variety of 
mycobacteria as evidenced from southern hybridization analysis indicating its 
possibility to be a gene of essential function in mycobacteria. A Ser to Alanine 
change in the inhA gene has been shown to cause INH-resistance in M. 
smegmatis as well as in M. bovis. This indicates possibilities of finding 
mutations in the inhA gene in clinical INH-resistant isolates of M. tuberculosis. 
Further analyses of these genes are currently in progress. These studies 
should help to elucidate: 1) the mechanism of action of INH, 2) the mechanism 
of INH resistance, and 3) basic metabolic processes in mycobacteria. 
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